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(54) Method and equipment for the realignment of peaks in gas chromatographic analyses 



(57) The invention concerns a method for the rea- 
lignment of peaks in gas chromatographic analyses af- 
ter the replacement of the used capillary column with a 
nominally equal one, wherein a K coefficient character- 
istic of the column is preventively calculated by flowing 
carrier gas in the column under stabilized conditions of 
pressure and flow rate and of the column temperature, 
said K coefficient being stored in a memory of the gas 
chromatographic system. Said K coefficient is used to 
correlate al least two of the above mentioned parame- 
ters in subsequent analyses, obtaining an automatic re- 
alignment of peaks. The invention also concerns the an- 
alytical equipment to perform the method, and the cap- 
illary gas chromatographic column characterized as re- 
ported above (fig. 1). 



Fm ^ 




CM 

< 

CM 
00 
CO 

O 



CL 

in 



BNSDOCID: <EP 10413B2A2_L> 



Pin 2 -Pout 3 



Printed by Jouve. 75001 PARIS (FR) 



BEST AVAILABLE COPY 



EP 1 041 382 A2 

Description 

[0001] The present invention concerns a method, as well as the equipment designed to carry-out such a method, to 
obtain the reproducibility of the retention times of the components of a mixture analyzed in an instrument of gas chro- 

5 matographic analysis, when the capillary column used is replaced with another nominally equal column in the same 
equipment or in different but nominally equal equipments operating under the same conditions. 
[0002] The problem which underlies the present invention arises from the observation that the retention times of a 
given component in a mixture to be analyzed by gas chromatography show values which vary from column to column 
and from equipment to equipment, even if the nominal features of columns and equipments are exactly the same. This 

10 causes a shift along the axis of the chromatogram times of the peak related to the concerned component versus the 
same peak obtained in an identical analysis in a different, while nominally equal column. 

[0003] It is known that the result of a gas chromatographic analysis is a chromatogram formed by a sequence of 
peaks, each indicating the arrival of a component of the analyzed mixture at a detector placed downstream of the 
column after a so-called retention time t r , measured from the sample introduction into the column, and representing 

is the time required to pass through the column. 

[0004] The retention time t r obviously depends on the nature of the concerned component, on the nature and thick- 
ness of the stationary phase film present in the column and on the analytical procedures, particularly on the temperature 
program of the column and on the carrier gas pressures at the column inlet and outlet. The retention time t r is also 
affected, for the same component and under the same conditions, by the characteristics of the capillary column, par- 

20 licularly its length and diameter. 

[0005] As a consequence, the variations in the retention times of the components of the same mixture, namely the 
peak shifts that are detected in equal analyses with different but nominally equal columns, depend on the different 
geometry of said columns. 

[0006] In fact it was observed that nominally equal columns, i.e. having the same diameter and the same nominal 
25 length, actually have not negligible differences both in length and internal diameter, which obviously is not uniform and 
controllable on the entire extent of the column and varies from one column to the other. 

[0007] These differences versus the nominal values create said peak shifts in identical analyses on different but 
nominally equal columns, in the same equipment or in different but nominally equal equipments. 
[0008] This shift involves the need, when replacing the column or changing the equipment, to change the parameters 
used for the recognition of peaks (peak tables), which means that it becomes necessary to modify the analytical method 
with waste of time, extra costs and failure to comply with GLP (Good Laboratory Practice) requirements. 
[0009] To eliminate this drawback, it was already proposed to use a methodology named blocking of the retention 
time, which consists in the following procedure. A standard mixture is chosen and a reference analysis is run at a 
defined inlet pressure of carrier gas, identifying a reference compound and the relevant retention time. After the column 
35 replacement, analyses are run with the same mixture and at carrier gas inlet pressures equivalent to 80%, 90%, 100%, 
110% and 120% respectively of the previously used inlet pressure, acquiring the retention times for the reference 
compound. Then a graph is plotted, indicating the retention times as a function of the inlet pressure and joining the 
points plotted with straight line segments. Then the original retention time is entered in the graph to obtain the new 
inlet pressure that must be maintained in the subsequent analyses to obtain the realignment of peaks. 
40 [0010] This method, however, is rather time-consuming and complicated. Moreover, it allows the realignment of 
peaks only when these are close to that of the reference compound. But the most serious inconvenience is that this 
method requires all subsequent analyses to be carried out in the constant pressure analytical mode, whereas running 
analyses according to the carrier constant flow rate mode is more advantageous as far as detector response and total 
analytical time are concerned. 

45 [0011] Assuming that, when the column is replaced or the equipment changed, the geometry of the new column is 
responsible of the peak shift, i.e. of the variations of retention times, the Applicant has resolved to apply a method that 
allows to automatically characterize each column used, keeping into consideration the actual values of length and 
internal diameter of same, and to use such characterization to obtain an automatic realignment of all peaks, without 
differences caused by their position on the chromatogram, whatever the analytical mode selected (feeding of carrier 

so gas at constant or programmed flow rate, or at constant or programmed pressure). 

mm o~\ twig ^tu^ r ^u;^^,*^ ^< *i — . *: • . ,, .. ., ... 

t j • v.,. vujo^io u ic nivci moi i aie ciunievfcju oy applying me memoa as aermed in claim 1 . 

[001 3] The procedures of use and the characteristics of the invention will be now described with reference to preferred 
embodiments and to the accompanying drawings, where: 

[0014] F^gure^ is a diagram showing the meaning of the characterization constant K through the correlation between 
55 f and p ' "n " p niu value. 

[0015] Figure 2 is a diagram showing the correlation between carrier inlet pressure p in and carrier mass flow rate 
F m through the column at constant temperature. 

[0016] Figure 3 is a diagram showing the variations of the retention time as a function of the mass flow rate F at 
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constant temperature for two columns having lengths and diameters different from their nominal value. 
[0017] The K constant mentioned in the main claim is obtained from the known Poiseuille's equation which correlates 
pressure and flow rate of gases in capillary ducts, said equation being modified to keep into account the fact that the 
mass flow rate F m of the carrier gas is conventionally expressed as volumetric flow rate in standard conditions ( p cld 
= 1 a1m;T std = 298° K): 

4 1 + o .2 2 

p - Kcj std Pin " Pout 
- ~ 256L p std n s|d Tc i+« 

where d: is the actual inner diameter of the gas chomatographic column, equivalent to the inner diameter of an ideal 
cylindrical column having a length L and an internal volume equal to that of the real column; 

L: is the actual length of the column 
15 T std : is the standard temperature (T sl = 298° K) 

p std : is the standard pressure (p std = 1 atm) 

n, std : is the viscosity of carrier gas under standard pressure and temperature conditions 
p jn : is the absolute pressure of carrier gas at the column inlet 

p out : is the absolute pressure of carrier gas at the column outlet, generally corresponding to 1 atm (0 atm when 
20 the outlet is under vacum) 

T c : is the column actual temperature 

a: is an experimental coefficient depending on the carrier gas nature 



[0018] In the previous formula, taking 



■ 4 T, 



1+a 



256L p std n sld 

30 the result is 



K = J^L JJ£ (2) 



2 2 



p _ K P i" " Pou1 (3) 



m 1 + a 

c 



[0019] Therefore it is obvious that the K coefficient, comprising constant and known terms such as T std , p std , n std 
and a, depends on the actual values of the column inner diameter and length and can be assumed as a parameter 
indicating such geometrical measures and therefore be correlate to the retention time of the components of a mixture 
40 in that concerned specific column. 

Said K coefficient can be obtained using the equation (3), by making a carrier gas pass through the column and meas- 
uring, under stabilized conditions of carrier gas flow through the column, the values T c , F m , p in and possibly pout. It 
should be noted that p out is generally equal to 0 or 1 atm, and therefore it can be set without any measurement. The 
result is: 



F T 1+a 

K = m 2 c 2 (4) 
Pin "Pout 



[0020] For more precision, it is possible to repeat the above measures, varying by steps the inlet pressure and 
measuring the carrier mass flow rate, always at a constant temperature T c . 
[0021] It is also evident that if a small quantity of sample together .with carrier should cross the column, instead of 
carrier gas alone, the situation would not change and the results would be practically the same. 
ss [0022] The K coefficient is therefore egual to the angular coefficient of the straight line that 
correlates F m in ordinates, and p in- - 5qul - in abscissae, reported in the accompanying figure 1 

[0023] To keep into consideration 1 ^ real dimensions of the column, the calculated K coefficient is stored in the 
memory of the system controlling the gas chromatograph. Afterwards, it will be sufficient to use such K coefficient to 
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correlate at least two of the control parameters (carrier gas inlet pressure p in and mass flow rate F m . and column 
temperature T e ) of the subsequent analyses run with the same column. The realignment of peaks is ensured by the 
fact that^ when replacing a column with another, nominally equal to the first one. the characterization procedure is 
£ ed T a " d a naw K value is obtained, which automatically keeps into account the real dimensions of the newcolumn 
[0024] The realignment of retention times derives from the fact that the retention time t r is the sum of two elements' 
the time elapsed in the stationary phase t slaz , when the component is immobile, and the time elapsed in the mobile 
phase t rn , when the component is carried by carrier gas: 



m siaz 



Sid LTanH th 6 r d thiCk t neSS ° f S,ati ° nary Ph3Se 3re the Same in nominal, y ec < ual columns < as supposedly 
hfZL if h 1 ,em P e , rature P roaram is the sa ™. the variation in retention time At, is equal to the variation in 
the time elapsed in the mobile phase (carrier): 



At, = At„ 



20 met Variati ° n A ' m 66 eXpresSed as a ,unction of ,ne variation of carrier gas flow rate and also of the column 

At m - F (AF m , AL, Ad) 

25 Srei, tr e S f,ow r T d tha ' V H ria,i ° n ^ Camer 933 fl ° W ratG iS P red o<™an» ^rsus the other variations, and 

on me comra Z Z 7 ? * C ° nS ' ant ^ C °' Umn *° C °' Umn ' ,he Vafia,i ° n in retentio " time is limited 
of mJ ™i V ' P n m ° de ,S 91 C ° nS,ant inle ' pr6SSUre ' ,he flow rate varial ™ resulting from the variation 
of the column parameters causes a considerable variation of the retention time variation 

30 Sn If 1 ! 8 , 0 ™ T 6 eX P. lain8d by equations (2) and (3), which show that the flow rate variation is proportional to the 

SSr?. r C,iCe ' eqUati ° n <3) iS USSd a9ain ' Where the K ^efficient, previously determined during the column 
characterization, ,s used to control one of the parameters that contro. the ana.ysis according to the opTratlng requTe- 

3S [0030] When the desired operating mode is at carrier constant flow rate, in equation (3) the desired value of flow 

thlfco r^" 6 ' 3nd ? let PreSSUre CalCUla,ed ' 3CCOrdin 9 to ,he K value Piously ^Ta^iSS^S 
the column temperature. wh,ch varies moment by moment. The resulting chromatogram will automata ly keep fn o 
mn.iT r 6 9e ° me,riCal ,eatures of the column, P^forming the desired realignment of peaks aUl ° mat,Ca " y ' nt ° 
w °h the on v mZZZZT" ^ ^1 * ™ '° 3 P rOQra ™ed variation of the carrier gas flow rate, 

thl'^ Wi " "° be ^ - a «- of constant flow rate, but to 

KrnnL"; dUnn9 *" 3nalySiS Wi ' h 3 new C °' Umn nominal| y eaual to ,he P^icus one, the desired operating mode is 
a const t° r Pr0grammed pressure ' ,he inlel P^sure required to obtain the same flow rate in me second Column 

[00347°Raurc3 shTJf.h ^ ,W ° n ° mina " y 6qUal Columns a > and b ) are 0,5 ml/min" "~ 

coZns (a^and ; reten ' i0n ^ V ° rSUS *' ""^ ^ ^ «" *° S ™ tW ° 

52. c~: e nd ^•s^^rs (2 s,d m,/min) ' ,he variation in — - *■ * 

ESS, J? keeP .' n9 '? 6 inl6t PrSSSUre C ° nS,3nt in ' he ,W ° aC,ually dif,erent but nominal 'y equal columns (a) and (b) 
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[0037] The following table 1 reports the results ot a series of analyses performed on the same mixture, in the same 
gas chromatographic equipment, with nominally equal but actually different columns. Analyses were run at constant 
flow rate (1.2 ml/min) programming the column temperature first with an increase from 50°C to 100°C at 50°C/min 
rate, then with an increase from 100°C to 250°C at 30°C/min rate and finally with an increase from 250°C to 340°C at 
5 20°C/min rate. 
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[0038] The K coefficients ol the two columns were calculated to control the steadiness of the flow rate through the 
inlet pressure, and the retention times for different components were detected. It can be noted that the variations in 
retention times are ranging approximately from 1 to 4 seconds and, as a percentage, they are always below 1 %. 
[0039] What above was repeated in case of installation of nominally equal columns in analytical equipments of the 
same type but different from each other, obtaining the results reported in the following table 2. 
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[0040] 
[0041] 



The results show that in this case too the method used allows to limit the variation of retention times within 1 % 
For the application of the method of the invention, the gas chromatographic equipment, besides the usual 
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components, shall be equipped with carrier gas pressure and flow sensors, as well as electronic means to calculate 
and store the K coefficient and to use said K coefficient in the control of subsequent analyses. 

[0042] Preferably, the equipment is provided with a function, activated for instance through a push-button, to auto- 
matically perform the column characterization by carrying-out a passage through the column of carrier gas under con- 
5 trolled conditions : with detection of the values of flow rate, pressure and temperature, and with consequent calculation 
and storage of the K coefficient. 

[0043] From the above reported description it can be noted that the K coefficient practically represents a parameter 
that characterizes the fluido-dynamic behavior of a column, and therefore each column can be identified and charac- 
terized, together with the other parameters, also from its K coefficient. 
10 [0044] This means that it can be assumable that each column be assigned such K parameter to characterize the 
column itself, introducing it into an appropriate gas chromatographic equipment, to calculate as said above, its K co- 
efficient. This coefficient can then be made explicit and assigned, with other identifying elements, to the concerned 
column. 

[0045] In a similar case, to obtain the desired realignment of peaks, when installing a column for running analyses, 
is it will be sufficient to enter the K value of the column in the system and operate as above described, controlling the 
analytical parameters through the K coefficient. 

[0046] If, with the column installed, the column is characterized again obtaining a new K coefficient significantly 
different from the original one, this would mean that the column has undergone geometrical modifications, or that, after 
its installation into the gas chromatographic system, carrier gas leaks or hydraulic clogging have occurred. 

20 



Claims 

1. A method for obtaining the reproducibility of the retention times of the components of a mixture analyzed in a gas 
25 chromatographic equipment after the replacement of the used capillary column with a nominally equal one, in the 

same equipment or in another equipment of the same nominally equal type, characterized by the following steps: 

I) preventively calculating a K coefficient characteristic of the column by flowing through the column carrier 
gas under stabilized conditions of carrier pressure and flow rate and of the column temperature, measuring 
30 the values of the carrier gas pressure at the column inlet (P in ), of carrier gas mass flow rate (F m ) and of the 

column temperature (T c ), and measuring or setting the carrier gas pressure at the column outlet (P out ), and 
entering such values in the following equation: 



35 



K = 



Fm Tc 

2 2 
Pin "Pout 



where: 

a is a settable experimental exponent, depending on the carrier gas nature; 
40 II) storing said K coefficient in a memory of the gas chromatographic system; and 

III) using said K coefficient to correlate at least two of the above mentioned parameters in subsequent analyses. 

2. A method according to claim 1 , characterized in that the parameters correlated through said K coefficient are the 
carrier gas inlet pressure and flow rate. 

45 

3. A method according to claim 2, characterized in that said K coefficient is used to correlate the carrier gas inlet 
pressure and flow rate, by keeping the flow rate at a constant value or at values that follow a predefined curve, 
through the carrier gas inlet pressure programming, as the column temperature changes. 

50 4. A method according to claim 2, characterized in that said K coefficient is used to correlate the carrier gas inlet 
pressure and flow rate in two different but nominally equal columns in order to calculate inlet pressures at equal 
and constant flow rate, and to use the calculated pressure for a second column, in analyses run under constant 
or programmed pressure conditions. 

55 5. An equipment for gas chromatographic analysis for carrying-out the method according to one of the preceding 
claims, of the type comprising means for heating at controllable temperature a capillary gas chromatographic 
column, an injector to introduce into the column a mixture to be analyzed, a detector to detect at the column outlet 
the passage of the analyzed mixture components, means to leed a carrier gas to said column, means to detect 
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the temperature conditions of the column and the carrier gas inlet pressure and possibly outlet pressure, as well 
as an electronic system to control the equipment, characterized in that it also comprises: a sensor of the carrier 
gas flow rate in the column; means to calculate the K coefficient on the basis of information supplied by temperature, 
pressure and flow detecting devices, during a passage of carrier gas under constant and stabilized temperature 
conditions; means to store in a memory of the system the calculated K constant; and means for controlling the 
analytical conditions using the stored K constant in the system. 

An equipment according to claim 5, characterized in that it comprises means to perform, automatically and on 
command, a procedure according to claim 1 to calculate and store said K coefficient. 

A capillary column for gas chromatography, characterized in that it comprises, among the parameters characteristic 
of same, a coefficient (K) calculated by performing, in a gas chromatographic equipment, the step I of the method 
according to claim 1 . 

A method for obtaining the reproducibility ot the retention times of the components of a mixture analyzed in a gas 
chromatographic equipment after the replacement of the used capillary column with a nominally equal one, in the 
same equipment or in another equipment of the same type, characterized by the tollowing steps: 

using a new column according to claim 7; 

selling in the gas chromatographic system the value of said K coefficient related to said new column; 

using said K coefficient to correlate at least two of the parameters: carrier gas pressure and flow rate, column 

temperature, in the subsequent analyses. 

A method to check the presence of leaks or clogging in the hydraulic circuit of a column according to claim 7, 
downstream of the carrier gas regulating system, said method comprising: 

a characterization of the column installed according to the method of claim 1 , obtaining an experimental value 
of said K coefficient; 

a comparison between said experimentally determined K value and that originally associated to the column. 
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